1962). The cause of nutritional neuromyelopathy is unknown. In a detailed study of 206 cases from Jamaica, no definite aetiology was found and vitamin B12 deficiency did not occur in these patients (Montgomery, Cruikshank, Robertson, and McMenemey, 1964) . On the other hand, a study of intestinal biopsy specimens of apparently healthy subjects residing in the tropics showed that tropical sprue may occur in a latent or atypical form (Klipstein, 1964) . Since it is known that malabsorption of vitamin B12 may persist in clinically asymptomatic patients with tropical sprue (Sheehy, Perez-Santiago, and Rubini, 1961) , it is likely that such asymptomatic cases may develop vitamin B12 deficiency and present clinically as cases of neuropathy.
On this assumption, 12 consecutive patients who presented with neuromyelopathy of obscure origin were investigated with a view to detecting malabsorption of different substances, including vitamin B12. In all these patients, gastrointestinal symptoms were mild or absent and in six patients vitamin B12 deficiency was shown to be the cause of neuromyelopathy and was probably the cause in another two. Of these eight patients, six had clinically unsuspected intestinal malabsorption which conformed to the pattern seen in tropical sprue.
MATERIALS AND METHODS

SERUM VITAMIN ESTIMATIONS Serum vitamin B,, was
estimated by a microbiological method using Euglena gracilis (Ross, 1952) . Serum folate was estimated by a microbiological method using Lactobacillus casei (Waters and Mollin, 1961) .
GASTRIC AND INTESTINAL FUNCTION STUDIES AND BIOPSY
D-xylose absorption was estimated by feeding 5 or 25 g. of d-xylose in a pint of water and estimating the amount excreted in a five-hour collection of urine passed after the dose. Faecal fat estimations were performed by a wet method (van de Kamer, Huinink, and Weyers, 1949) (Schilling, 1953) or the faecal excretion method (Ganatra, Sundaram, Desai, and Gaitonde, 1965) . The test was repeated with intrinsic factor given as 100 ml. of normal human gastric juice in six patients. Gastric and jejunal biopsies were performed with the Crosby capsule (Crosby and Kugler, 1957) .
The augmented histamine test (Kay, 1953) Early optic atrophy was seen in three patients (cases 1,2, and 6) but visual acuity was not remarkably diminished.
Two patients (cases 4 and 6) had definitely impaired mental function consisting of apathy, sluggish response to questions, a dulling of the intellect, drowsiness, and irritability. Memory was good in both patients but one of these two patients (case 4) was uncooperative. INVESTIGATIONS The results of investigations are given in Table IL . Marked anaemia was not a prominent feature, only two patients had haemoglobin levels of below 10 g. % (cases 1 and 8). In most patients, the haemoglobin varied from 10 to 16 g. %. However, three patients (cases 2, 5, and 6) had already received some injections of haematinics before the study. The bone marrow was megaloblastic or had isolated giant metamyelocytes in seven patients (cases 1, 3, 4, 5, 6, 7, and 8) . In the remaining five patients, the marrow was normoblastic; however, one patient with a normoblastic marrow (case 2) had received injections of liver extract elsewhere.
SERUM VITAMIN B12 Serum vitamin B12 levels were very low in three patients (cases 1, 4, and 7), subnormal in a further three patients (cases 2, 3, and 8), and above 75 ,.jug./ml., which is the lowest normal 17-8 30 2-0 level found in vegetarians (Jeejeebhoy, Desai, Noronha, and Antia, 1966) , in six patients (cases 5, 6, 9-12). The serum folate level was subnormal in three patients (cases 3, 7 and 12), normal in eight (cases 2, 4, 5, 6, 8, 9, 10, 11), and high in one (case 1).
AUGMENTED HISTAMINE TEST This test was done in 11 patients (cases 1-5, 7-12). There was achlorhydria in five patients (cases 1-3, 7 and 8) in whom histamine did not change the pH of the stomach contents. In the remaining six patients (cases 4, 5, 9-12), acid secretionwas normal, and, on givinghistamine, the pH of the stomach contents fell to 2.
GASTRIC BIOPSY The four patients with achlorhydria had atrophic gastritis (cases 1-3 and 8).
ABSORPTION TESTS Vitamin B12 absorption was markedly reduced in nine patients (cases 1 to 9); intrinsic factor improved absorption in two (cases 1 and 8) but did not improve vitamin B12 absorption in the remaining patients with achlorhydria. Absorption with intrinsic factor was only tested in one patient with normal gastric function (case 4), as it was presumed that in the presence of normal acid secretion, intrinsic factor secretion would also be normal (Whiteside, Mollin, Coghill, Wynn Williams, and Anderson, 1964).
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Folic acid absorption was reduced in five patients (cases, 2, 3, 4, 6, and 8) of 11 patients studied.
D-xylose excretion was reduced in four (cases 3, 4, 5, and 8) patients of nine studied.
Faecal fat excretion exceeded 6 g./day in six patients (cases 1-3, 7, 9, and 12) of 11 studied.
Jejunal biopsy was normal in five patients (cases 1, 7-9, and 11) and showed partial villous atrophy in four patients (cases 2, 3, 5, and 12).
Barium meal examination was done in six patients (cases 1-3, 7-9). In one patient (case 1), the ileum was mildly dilated, and in the remaining five there was generalized dilatation of the jejunum and ileum with thickening of mucosal folds.
DISCUSSION
In the present series of 12 patients with tropical neuromyelopathy of obscure origin, investigations showed that eight (cases 1-8) had vitamin B12 deficiency associated with malabsorption of this vitamin. Malabsorption was clinically latent and gastrointestinal symptoms were not prominent in any patient. Furthermore, giving vitamin B12 injections resulted in a moderate to marked improvement in the symptoms of patients with deficiency (Table I) . On the other hand, four patients (cases 9-12), clinically indistinguishable from the group mentioned above, were not deficient in vitamin B12 and did not respond to the administration of this vitamin. The clinical similarity of these two groups can be appreciated by comparing the case histories of a representative member of each group (Appendix I). This observation underlines the need for careful investigation of such patients to determine whether vitamin B12 deficiency is present.
NEUROLOGICAL CHANGES The dominant feature was ataxia associated in some patients with spastic paraparesis. Mental changes and optic atrophy were also seen but deafness was not encountered. Peripheral nerve lesions were confined to a mild or moderate sensory neuropathy only.
HAEMATOLOG1CAL CHANGES Serum vitamin B12 was low in six patients and indicated vitamin B12 deficiency. However, two patients with normal vitamin B12 levels (cases 5 and 6) had received vitamin B12 before the present study and these normal levels may not be indicative of their status before treatment. Furthermore, the presence of a megaloblastic marrow before treatment in one of these patients (case 6) and giant metamyelocytes in the marrow of the other (case 5) pointed to possible deficiency of either vitamin B12 or folate earlier.
Since serum folate levels were normal in these patients, it is most likely that they had vitamin B12 deficiency. The response of the neurological features to vitamin B12 in these eight patients was further evidence of deficiency of this vitamin.
In the remaining four patients (cases 9-12), there was no evidence of vitamin B12 deficiency and they did not respond to injections of vitamin B12.
CAUSE OF VITAMIN B12 DEFICIENCY Malabsorption of vitamin B12 was present in all patients who had deficiency of this vitamin. In six patients, the absorption of vitamin B12 did not improve with intrinsic factor and in these patients malabsorption was due to intestinal disease. Such patients had other evidence of intestinal disease like malabsorption of fat, d-xylose, and folic acid, together with atrophy of intestinal villi and changes in the intestinal pattern seen on barium meal examination. The overall picture in such patients was similar to that seen in tropical sprue (Jeejeebhoy et al., 1966) . In two patients (cases 1 and 8), absorption of vitamin B12 improved with intrinsic factor; both patients had achlorhydria on an augmented histamine test and atrophic gastritis, features similar to those found in pernicious anaemia. However, both also had atypical features not seen in pernicious anaemia. In the first patient (case 1), the young age and the presence of steatorrhoea suggesting intestinal disease are against his condition being one of uncomplicated pernicious anaemia. The second patient (case 8) also had malabsorption of folic acid and d-xylose indicating intestinal disease. These atypical features make it likely that these patients may be cases of sprue with associated gastric atrophy which is commonly found in tropical sprue (Floch, Thomasson, Cox, and Sheehy, 1962) and it is known that absorption studies in sprue may simulate those seen in pernicious anaemia (Vaish, Kumar, and Baker, 1964) . The fact that pernicious anaemia is a genetically transmitted condition principally confined to north Europeans is also against our patients having Addisonian permicious anaemia.
In contrast, in the patients without vitamin B12 deficiency, with one exception (case 9), the absorption of this vitamin was normal. Even in the patient with absorption of vitamin B12, the degree of malabsorption was mild compared to the patients with vitamin B12 deficiency. Likewise, other gastric and intestinal function tests were normal in the majority of patients without vitamin B12 deficiency and abnormalities were only of a minor degree. He was ataxic on walking and the Romberg test was positive. There was no cutaneous sensory loss but vibration sense was impaired below the anterior superior iliac spines and postural sense at the toes. The deep reflexes were normal and the plantars were flexor.
Treatment and progress The patient had received injection vitamin B,2 before admission. He was given injections of vitamin B12, 200 ,sg. intramuscularly every three weeks, and he improved gradually in the next three months. The signs of posterior column involvement though distinctly improved were still persisting.
Conclusions Moderately severe sensory ataxia essentially due to posterior column involvement. Only subjective peripheral sensory nerve involvement in the form of paraesthesiae. Response to vitamin B12 was good but recovery was not complete.
CASE 10 A man, aged 56 years, was admitted with a history of ataxia and hesitancy of micturition for two years. The onset was gradual and the symptoms were gradually progressing. The patient had syphilis 25 years before and was treated with Salvarsan. He had no gastrointestinal symptoms in the past or at present. On examination, the patient was well built and nourished (wt. 62.8 kg.); the nails were pink and tongue was normal.
Central nervous system The mental functions, cranial nerves, fundi and upper limbs were normal. Power and tone in lower limbs were normal. There was incoordination in lower limbs; vibration sense was absent below the anterior superior iliac spines and postural sense was also grossly impaired. Touch, pain, and temperature sensations were normal. There was no muscle tenderness. Romberg's sign was positive. Gait was wide based. The reflexes of upper limbs were normal. Both the knee jerks were exaggerated (Rt > Lt), and the ankle jerks were normal. Both the plantar reflexes were extensor.
The systemic examination was normal. Treatment andprogress He had received injections of vitamin B,2 and prednisolone (outside the hospital) but had not shown any improvement. His symptoms and signs were the same when seen again after eight months.
Conclusions Posterior and lateral column involvement but no evidence of peripheral nerve involvement.
